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The current domestic ultra-thin intumescent fire retardant coatings for steel 
structure (IFRC) are almost solvent-based. Solvents are released into the atmosphere 
and cause environmental pollution. But water-based coating is low VOC (volatile 
organic compounds) and low cost. Therefore, considering its adornment effect, 
economic cost and environmental protection, the water-based ultra-thin IFRC is the 
development trend of fire retardant coating, and it is of great significance to the 
development of steel structure engineering. In addition, the existing ultra-thin IFRC 
for steel structure have some problems, such as low expansion ratio, poor quality of 
carbon layer and poor adhesion and so on. In order to further meet the growing 
domestic demand for industrial and civil construction, this paper aims to develop 
halogen-free environment-friendly water-based IFRC of excellent weathering 
resistance, fireproof performance and good dicoration. 
Styrene acrylic emulsion could improve the density of bubble hole. And resin 
modified acrylic emulsion could improve the adhesive force between coating and 
substrate, water resistance, and intumescent rate. Therefore, compound of styrene 
acrylic emulsion and resin modified acrylate emulsion was used as the film forming 
matter. According to single factor experiment, the content of ammonium 
polyphosphate (APP), pentaerythritol (PER) and melamine (MEL) were determined. 
On this basis, the orthogonal experiment was designed to determine the best 
proportion. In the flame retardant performance, in order to effectively improve the 
quality of expandable carbon layer, titanium pigment was selected as inorganic filler, 
expandable graphite and whisker were chosen as inorganic flame retardant additives, 
and their synergistic flame retardant effect was discussed. Furthermore, based on the 
compound experiment, epoxy modified styrene acrylic emulsion was synthesized as 
film forming matter to improve the comprehensive performance of IFRC. With butyl 
acrylate (BA) as softer monomer, styrene (St)/butyl methacrylate (MMA) as harder 
















emulsion was synthesized by using semi-continuous seed emulsion polymerization 
technology. Using fourier transform infrared spectroscopy (FTIR) and differential 
scanning calorimetric (DSC) characterized structure of synthetic product and glass 
transition temperature (Tg) respectively. At the same time, the influence factors of 
monomer conversion rate and gel rate were studied. 
The results showed that the fire resistance, weather resistance and other 
comprehensive performance of coating were good, when mass ratio of styrene acrylic 
emulsion and resin modified acrylic emulsion was 1:2, and the dosage of their 
compound was 26%; the appropriate proportion was APP: PER: MEL = 18:8:10; and 
the dosage of expansion flame retardant system was 50%~55%. Using expandable 
graphite as blowing promotor and whisker as carbon layer strengthening agent, they 
were synergistic flame retardant, which could be of benefit to improve the 
fire-resistant time of coating, especially after 500℃. And titanium dioxide and 
phosphoric acid or ammonium polyphosphate could react and produced white ceramic 
like porous material titanium pyrophosphate (TiP2O7). Titanium dioxide and TiP2O7 
could strengthen carbon layer structure and improved the oxidation resistance of 
residual carbon layer, preventing it from cracks, so that the IFRC had excellent 
fireproof heat insulation performance, especially between 450℃and 650℃. At the 
same time, Optimum reaction conditions were determined: The initiator dosage was 
0.6%; the mass ratio of emulsifier SDS and OP was 1:2; the emulsifier dosage was 
3%; epoxy resin dosage was 10%; reaction temperature was 75~85℃. After seed 
emulsion forming completely, added the pre-emulsion in 2 h, and then controlled 
reaction time between 4h and 5h. When BA:MMA:St=31:20:19, its Tg was 8.8℃. 
Good hardness and coating performance made the minimum film form 
temperature(MFT) of emulsion paint suitable for low temperature condition 
construction. The coating hardness, adhesion, water resistance could be improved, and 
water absorption was reduced through epoxy modification, which made IFRC reach 
the expected inflation effect. 
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